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PROBLEM TO BE SOLVED: To provide a data transfer system with 
which the data transfer of high reliability and satisfactory 
performance is enabled by simple processing. 
SOLUTION: When transferring data from a transmission side 
subsystem to a reception side subsystem while using a RFO 
memory, after it .is confirmed that the RFO memory Is not in the full 
state while referring to a full state display signal FULL outputted 
from a comparator 29 in the FIFO memory or a counter compare 
signal COUNT showing the amount of remaining data in the RFO 
memory, at the transmission side subsystem, transmission data are 
written into a RAM 26 inside the RFO memory by using a 
transmission side data bus 14 and a write control signal WRITE. At 
the reception side subsystem, it is confirmed that the RFC memory 
is not in the empty state while referring to an empty state display 
signal EMPTY or the counter compare signal COUNT outputted 
from the counter 29 and afterwards, reception data are read out of 
the RAM 26 by using a reception side data bus 15 and a read 
control signal READ. 
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♦ NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not reflect the original precisely. 
2>9Mc* shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st counter which carries out counting of the pulse number of the write-in control signal which 
consists of a pulse signal, and holds the write-in address. The 2nd counter which carries out counting of the pulse 
number of the read-out control signal which consists of a pulse signal, and holds the read-out address. The control 
means which answers said write-in control signal and said read-out control signal, and outputs a select signal and a 
buffer control signal, A selection means to choose either of the read-out addresses ADr outputted from the write-in 
address ADw outputted from said 1st counter or said 2nd counter based on said select signal, and to output a 
memory address AD, and said buffer control signal are answered. An I/O means to connect a memory data bus. a 
transmitting-side data bus. or a receiving-side data bus. Answer said write-in control signal, and hold the transmit 
data on said memory data bus to the storage region specified by said memory address AD. and said read-out 
control signal is answered. The memory which outputs the maintenance data of the storage region specified by said 
memory address to said memory data bus. The write-in address ADw outputted from said 1st counter is compared 
with the read-out address ADr outputted from said 2nd counter. The RFO memory characterized by having a 
comparison means to output the empty status-display signal which shows ADw=ADr. the full state status signal 
which shows ADw+1=ADr, and (ADw-ADr) the shown counter comparison signal. 

[Claim 2] The 1st counter which carries out counting of the pulse number of the write-in control signal which 
consists of a pulse signal, and holds the write-in address. The 2nd counter which carries out counting of the pulse 
number of the read-out control signal which consists of a pulse signal, and holds the read-out address, The control 
means which answers said write-in control signal, said read-out control signal, a writing side counter read-out 
control signal, and a read-out side counter read-out control signal, and outputs a select signal and a buffer control 
signal. A selection means to choose either of the read-out addresses ADr outputted from the write-in address ADw 
outputted from said 1st counter or said 2nd counter based on said select signal, and to output a memory address 
AD, and said buffer control signal are answered. An I/O means to connect a memory data bus or a counter 
comparison signal line, and a transmitting-side data bus or a receiving-side data bus, Answer said write-in control 
signal, and hold the transmit data on said memory data bus to the storage region specified by said memory address 
AD, and said read-out control signal is answered. The memory which outputs the maintenance data of the storage 
region specified by said memory address to said memory data bus. The write-in address ADw outputted from said 
1st counter is compared with the read-out address ADr outputted from said 2nd counter. The RFO memory 
characterized by having a comparison means to output the counter comparison signal which shows (ADw-ADr) to 
said counter comparison signal line while outputting the empty status-display signal which shows ADw=ADr, and the 
full state status signal which shows ADw+1=ADr. 

[Claim 3] It is the RFO memory characterized by making it the configuration which said counter comparison signal 
consists of two or more bits in a RFO memory according to claim 1 or 2. and gives these all bits or several bits high 
orders to said I/O means. 

[Claim 4] It connects with the RFO memory of claims 1. 2. or 3 through said transmitting-side data bus at said FIFO 
memory. After checking that this RFC memory is not full state based on said full state status signal or said counter 
comparison signal The transmitting-side subsystem which writes said transmit data in this RFO memory using this 
transmitting-side data bus and said write-in control signal. After connecting with said RFO memory through said 
receiving-side data bus and checking that this RFO memory is not in an empty condition based on said empty 
status-display signal or said counter comparison signal The data transfer system characterized by having the 
receiving-side subsystem which reads received data from this RFO memory using this receiving-side data bus and 
said read-out control signal. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the RFO (First-In First-Out) memory used among equipments, 
such as two or more subsystems which are operating to asynchronous mutually, in order to deliver and receive data, 
and the data transfer system using this. 
[0002] 

[Description of the Prior Art] Drawing 5 is the block diagram of the outline of the conventional data transfer system. 
This data transfer system delivers data using RFO memory 3 between the transmitting-side subsystems 1 and the 
receiving^side subsystems 2 which are operating to asynchronous mutually. In each subsystems 1 and 2, in order to 
perform the writing and read-out of data, it has the microprocessor or the DMA (Direct Memory Access) controller. 
The method which performs the writing and read-out of data using a microprocessor is the program transmittal 
mode which controls this microprocessor by the program and carries out writing and read-out On the other hand, 
the method which performs the writing and read-out of data using a DMA controller is a DMA transfer method which 
sets the address, transfer numbers of words, etc. as this DMA controller, and carries out writing and read-out 
Generally, when high-speed data transfer is required, the DAM transmittal mode is used. The transmitting-side 
subsystem 1 and RFO memory 3 are connected with the transmitting-side data bus 4. and the receiving-side 
subsystem 2 and RFO memory 3 are further connected with the receiving-side data bus 5. 
[0003] It is the write-in control signal WRITE with which RFO memory 3 is given from the transmitting-side 
subsystem 1 in the above configuration. It is controlled by the read-out control signal READ given from the 
receiving^side subsystem 2. and is the empty status-display signal EMPTY. And the full state status signal FULL is 
outputted. The transmitting-side data bus 4 and the write-in control signal WRITE after the full state status signal 
FULL outputted from RFO memory 3 deceiving and coming out in the transmitting-side subsystem 1 and checking a 
certain thing It is used and transmit data is written in this RFO memory 3. Empty status- display signal EMPTY 
outputted from RFO memory 3 in the receiving-side subsystem 2 After deceiving and coming out and checking a 
certain thing, received data are read from this RFO memory 3 using the receiving-side data bus 5 and the read-out 
control signal READ. Thereby, data transfer from the transmitting-side subsystem 1 to the receiving-side 
subsystem 2 can be performed. 
[0004] 

[Problem(s) to be Solved by the Invention] However, it is the empty status-display signal EMPTY as a signal which 
shows the condition of this RFO memory 3 by conventional RFO memory 3. Although the full state status signal 
FULL exists, since only the tri-state full of data in which empty and data exist [ data ] in the transmitting-side 
subsystem 1 and the receiving-side subsystem 2 only now is distinguishable, the amount of data to transmit is 
unknown. Therefore, a problem like following (a) - (c) arises. 

(a) In the transmitting-side subsystem 1 and the receiving-side subsystem 2, since the actually required amount of 
data transfer is unknown, the after treatment (namely, after treatment after transfer processing of a DMA controller 
etc.) of setting the amounts of data transfer, such as a DMA controller prepared in these subsystems 1 and 2, as 
maximum, and amending based on the actual amount of transfers after transfer processing is complicated. 

(b) When there are few amounts of openings of RFO memory 3, the amount of data which should be transmitted by 
data flow control can be controlled by the transmitting-side subsystem 1 (that is. data flow control by the amount of 
openings of RFO memory 3 is carried out). Therefore, overflow of data and data take, it spills and a ******** 
problem occurs. 

(c) In the receiving-side subsystem 2. the urgency (that is, when there is much amount of data, since there is little 
possibility that overflow will occur data when there are little read-out and amount of data immediately since 
overflow may occur, it may collect later and transfer processing may be carried out) of the transfer processing by 
the amount of data of RFO memory 3 cannot be judged. Therefore, if transfer processing of this small amount of 
data is repeatedly repeated when there is little amount of data of RFO memory 3. the problem of the fall of 
performance will occur. In order to solve these problems conventionally, in JP,3-180953A JP.6-4437,A, etc.. the 
data transfer technique using the RFO memory which formed the counter for an amount-of-data display is also 
proposed. However, since the configuration was comparatively easy and the easy RFO memory of control did not 
have the former when it was reliable and the data transfer system in which data transfer with sufficient performance 
is possible was constituted from simple processing, it was difficult to obtain the data transfer system using still 
technical sufficiently satisfying a RFO memory and this. 
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[0005] 

[Means for Solving the Problem] In order to solve said technical problem, in invention of claim 1 of this inventions 
The 1st counter which carries out counting of the pulse number of the write-in control signal which consists of a 
pulse signal in a FIFO memory, and holds the write-in address. The 2nd counter which carries out counting of the 
pulse number of the read-out control signal which consists of a pulse signal, and holds the read-out address. The 
control means which answers said write-in control signal and said read-out control signal, and outputs a select 
signal and a buffer control signal, A selection means to choose either of the read-out addresses ADr outputted from 
the write-in address ADw outputted from said 1st counter or said 2nd counter based on said select signal, and to 
output a memory address AD, and said buffer control signal are answered. It has an I/O means to connect a 
memory data bus. a transmitting-side data bus, or a receiving-side data bus, memory, such as RAM (Random 
Access Memory), and a comparison means. Said memory answers said write-in control signal, holds the transmit 
data on said memory data bus to the storage region specified by said memory address AD. answers said read-out 
control signal, and outputs the maintenance data of the storage region specified by said memory address to said 
memory data bus. Furthermore, said comparison means compares the write-in address ADw outputted from said 1st 
counter with the read-out address ADr outputted from said 2nd counter, and outputs the empty status-display 
signal which shows ADw=ADr. the full state status signal which shows ADw+1=ADr, and (ADw-ADr) the shown 
counter comparison signal. 

[0006] In invention of claim 2, it has the 1st and 2nd same counter as claim 1. a selection means and memory, and a 
control means which is different in claim 1, an I/O means and a comparison means in the RFO memory. Said control 
means answers said write-in control signal, said read-out control signal, a write-in counter read-out control signal, 
and a read-out side counter read-out control signal, and outputs a select signal and a buffer control signal. Said I/O 
means answers said buffer control signal, and connects a memory data bus or a counter comparison signal line, and 
a transm'rtting-side data bus or a receiving-side data bus. Furthermore, said comparison means compares the write- 
in address ADw outputted from said 1st counter with the read-out address ADr outputted from said 2nd counter, 
and it outputs the counter comparison signal which shows (ADw-ADr) to said counter comparison signal line while it 
outputs the empty status-display signal which shows ADw=ADr, and the full state status signal which shows 
ADw+1=ADr. 

[0007] In the RFO memory of claims 1 or 2, said counter comparison signal consists of two or more bits, and is 
carrying out invention of claim 3 to the configuration which gives these all bits or several bits high orders to said 
I/O means. Invention of claim 4 is equipped with the RFO memory, transmttting-side subsystem, and receiving-side 
subsystem of claims 1, 2, or 3 in the data transfer system. After it connects with said RFO memory through said 
transmitting-side data bus and said transmitting-side subsystem checks that this RFO memory is not full state 
based on said full state status signal or said counter comparison signal, this transmitting-side data bus and said 
write-in control signal are used for it, and it writes said transmit data in this RFO memory. Furthermore, after it 
connects with said RFO memory through said receiving-side data bus and said receiving-side subsystem checks 
that this RFO memory is not in an empty condition based on said empty status-display signal or said counter 
comparison signal, this receiving-side data bus and said read-out control signal are used for it, and it reads received 
data from this RFO memory. 

[0008] According to invention of claim 1 , since the RFO memory was constituted as mentioned above, if a write-in 
control signal or a read-out control signal is inputted, counting of the pulse number of this write-in control signal will 
be carried out with the 1st counter, and the write-in address will be held at this 1st counter. Counting of the pulse 
number of a read-out control signal is carried out with the 2nd counter, and the read-out address is held at this 2nd 
counter. The write-in address and the read-out address which were held at the 1st and 2nd counters are sent to a 
selection means and a comparison means. With a selector means, based on the select signal given from a control 
means, either of the read-out addresses ADr outputted from the write-in address ADw or the 2nd counter 
outputted from the 1st counter is chosen, a memory address AD is outputted. and it sends to memory. Moreover, 
with a comparison means, the write-in address ADw is compared with the read-out address ADr, and an empty 
status-display signal, a full state status signal, and a counter comparison signal are outputted. If a write-in control 
signal is given, the buffer control signal outputted from a control means will be answered, an I/O means will operate, 
and a memory data bus and a transmitting-side data bus will be connected. Then, by memory, the transmit data on 
the memory data bus sent to the storage region specified by the memory address AD given from a selection means 
from a transmitting-side data bus is memorized. On the other hand, if a read-out control signal is given, a memory 
data bus and a receiving-side data bus will be connected by the I/O means. By memory, the stored data of the 
storage region specified by the memory address AD is outputted to a receiving-side data bus through read-out and 
a memory data bus. 

[0009] Although the almost same actuation as the RFO memory of claim 1 is performed in the RFO memory of 
invention of claim 2. if a writing side counter read-out control signal is given to a control means, the buffer control 
signal outputted from this control means will be answered, and a counter comparison signal line and a transmitting- 
side data bus will be connected by the I/O means. Thereby, the counter comparison signal outputted from a 
comparison means is outputted to a transmitting-side data bus through a counter comparison signal line and an I/O 
means. On the other hand, if a read-out side counter read-out control signal is given to a control means, the buffer 
control signal outputted from this control means will be answered, and a counter comparison signal line and a 
receiving-side data bus will be connected by the I/O means. Thereby, the counter comparison signal outputted from 
a comparison means is outputted to a receiving-side data bus through a counter comparison signal line and an I/O 
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means. By invention of claim 4, when performing data transfer from a transmitting-slde subsystem to a receiving- 
side subsystem, after checking that this RFO memory is not full state based on the full state status signal or 
counter comparison signal outputted from the comparison means of a RFO memory, a transmitting-side data bus 
and a write-in control signal are used, and transmit data is written in a RFO memory with a transmitting-side 
subsystem. In a receiving^side subsystem, after checking that this RFO memory is not in an empty condition based 
on the empty status-display signal or counter comparison signal outputted from a RFO memory, a receiving-side 
data bus and a read-out control signal are used, and received data are read from this RFO memory. 
[0010] 

[Embodiment of the Invention] 

The 1st operation gestalt drawing 2 is the block diagram of the outline of a data transfer system which shows the 
1st operation gestalt of this invention. This data transfer system is a system which delivers data using RFO memory 
13 among two or more equipments (for example, the transmitting-side subsystem 1 1 and the receiving-side 
subsystem 12) which are operating to asynchronous mutually. In the transmitting-side subsystem 11 and the 
receiving-side subsystem 12, a DMA controller or a microprocessor for performing writing and read-out control of 
data etc. is prepared. The transmitting-side subsystem 1 1 is transmit data and the write-in control signal WRITE. It 
has the function to output and connects with RFO memory 13 with the transmitting-side data bus 14. The 
receiving-side subsystem 12 has the function to input received data while outputting the read-out control signal 
READ, it depends it receiving-side data bus 15, and is connected with RFO memory 13. RFO memory 13 is the 
write-in control signal WRITE. And it is controlled by the read-out control signal READ, and has the function which 
outputs the empty status-display signal EMPTY, the full state status signal FULL, and the counter comparison 
signal COUNT. 

[001 1] Drawing 1 is the block diagram of RFO memory 13 in drawing 2 R> 2 which is the 1st operation gestalt of 
this invention. This RFO memory 13 is the write-in control signal WRITE which consists of a pulse signal. The 1st 
counter 21 which carries out counting (count) of the pulse number, and holds the write-in address ADw (for 
example, write-in counter). The 2nd counter 22 which counts the pulse number of the read-out control signal READ 
which consists of a pulse signal, and holds the read-out address ADr (for example, read-out counter). Write-in 
control signal WRITE And it has the control means (for example, buffer control circuit) 23 which answers the read- 
out control signal READ and outputs select signal (for. example, address select signal) AS and the buffer control 
signal BO. The write-in counter 21 is the write-in control signal WRITE. The clock terminal CLK to input and reset- 
signal RESET It has the reset terminal RST to input and the output terminal OUT which outputs the write-in 
address ADw. The read-out counter 22 is the clock terminal CLK which inputs the read-out control signal READ, 
and reset-signal RESET. It has the reset terminal RST to input and the output terminal OUT which outputs the 
read-out address ADr. The selection means (for example, address selector) 24 is connected, the address input 
terminal A of memory (for example, RAM) 26 is connected to this output terminal through the memory address bus 
25, and it is in the output terminal OUT of the write-in counter 21. and the output terminal OUT of the read-out 
counter 22. 

[0012] An address selector 24 is a circuit which chooses either of the read-out addresses ADr outputted from the 
write-in address ADw or the read-out counter 22 outputted from the write-in counter 21 based on address select 
signal AS outputted from the buffer control circuit 23, and outputs a memory address AD to RAM26 through the 
memory address bus 25. The address input terminal A into which RAM26 inputs a memory address AD Write-in 
control signal WRITE The read-out control terminal R which inputs the write-in control terminal W to input and the 
read-out control signal READ And it has the data input/output terminal D which performs the input of transmit data, 
or the output of received data. Write-in control signal WRITE It becomes a write mode when given. To the storage 
region specified by the memory address AD. the transmit data on the memory data bus 27 connected to the data 
input/output terminal D is held. When the read-out control signal READ is given, it becomes read-out mode, and it 
has the function which outputs the maintenance data of the storage region specified by the memory address AD to 
the memory data bus 27 through the data input/output terminal D. The I/O means (for example, data buffer) 28 is 
connected to the data input/output terminal D of RAM26 through the memory data bus 27. A data buffer 28 is a 
circuit which answers the buffer control signal BC outputted from the buffer control circuit 23, and connects the 
memory data bus 27. the transmitting-side data bus 14, or the receiving-side data bus 15. 

[0013] The comparison means (for example, comparator) 29 is connected to the output terminal OUT of the write-in 
counter 21. and the output terminal OUT of the read-out counter 22. A comparator 29 compares the write-in 
address ADw outputted from the write-in counter 21 with the read-out address ADr outputted from the read-out 
counter 22. empty status-display signal EMPTY which shows a thing with equal (ADw=ADr) the write-in address 
ADw and the read-out address ADr the write-in address ADw — the read-out address ADr — +one — counter 
comparison signal COUNT which shows the difference (ADw-ADr) of the full state status signal FULL and the 
write-in address ADw which show a large (ADw+1=ADr) thing, and the read-out address ADr It is the circuit to 
output Counter comparison signal COUNT outputted from a comparator 29 The amount of data in RFO memory 13 
(data residue) is expressed. 

[0014] In the above configuration, the actuation in the case of transmitting data to the receiving-side subsystem 12 
from the transmitting-side subsystem 11 using RFO memory 13 of drawing 2 is explained. First, data transfer is 
preceded and it is reset-signal RESET. The write-in counter 21 and the read-out counter 22 in RFO memory 13 are 
initialized. After the completion of initialization and the transmitting-side subsystem 11 are the full state status 
signal FULL outputted from the comparator 29 in RFO memory 13. or the counter comparison signal COUNT. Write- 
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in control signal WRITE after referring to and checking that RAM26 in this nF013 is not full state And transmit data 
is outputted to RFO memory 13. Within RFO memory 13, it is the write-in control signal WRITE. A pulse number is 
counted with the write-in counter 21. and write-in DRESS ADw is outputted to an address selector 24. The address 
selector 24 has changed to the write-in address ADw side by address select signal AS outputted from the buffer 
control circuit 23, chooses this write-in address ADw. and sends it to RAM26 in the form of a memory address AD. 
RAM26 is the write-in control signal WRITE. It is a write mode. A data buffer 28 connects the transmltting-side data 
bus 14 and the memory data bus 27 with the buffer control signal BC outputted from the buffer control circuit 23. 
The transmit data on the trans mitting-side data bus 14 sent from the transmitting-side subsystem 11 is inputted 
into RAM26 through a data buffer 28 and the memory data bus 27. RAM26 memorizes the transmit data inputted 
into the storage region specified by the memory address AD. Thereby, the transmit data sent from the transmitting- 
side subsystem 11 is written in RFO memory 13, • 

[0015] Under the present circumstances, counter comparison signal COUNT outputted from RFO memory 13 in the 
transmitting-side subsystem 11 By using it, the amount of openings of this RFO memory 13 can be known. 
Therefore, when the amount of data which should be transmitted from the transmitting-side subsystem 1 1 is larger 
than the amount of openings of RFO memory 13, overflow processing of this RFO memory 13 becomes 
unnecessary by setting the amount of data transfer in this transmitting-side subsystem 1 1 (for example, a DMA 
controller) as the amount of openings of this RFO memory 13. On the other hand, when there are few amounts of 
openings of RFO memory 13. it becomes possible to control by data flow control the amount of data which should 
be transmitted, thereby — overflow of data — it spills data picking and a ******** problem stops occurring On the 
other hand, in the receiving-side subsystem 12, after checking that RAM26 in this RFO memory 13 is not in an 
empty condition with reference to the empty status-display signal EMPTY outputted from the comparator 29 in 
RFO memory 13. or the counter comparison signal COUNT, the read-out control signal READ is outputted and it 
gives this RFO memory 13. In RFO memory 13, the pulse number of the read-out control signal READ counts with 
the read-out counter 22, the read-out address ADr is outputted from this read-out counter 22. and it is sent to an 
address selector 24. 

[0016] Since the address selector 24 has changed to the read-out control signal READ side by address select signal 
AS. it gives this read-out control signal READ to RAM26 in the form of a memory address AD. RAM26 becomes 
read-out mode with the read-out control signal READ. A data buffer 28 connects the memory data bus 27 and the 
receiving-side data bus 15 with the buffer control signal BC outputted from the buffer control circuit 23. The stored 
data of the storage region in RAM26 specified by the memory address AD is read, and this is read to the receiving- 
side data bus 1 5 through the memory data bus 27 and a data buffer 28 in the form of received data. In case 
received data are read from FIFO memory 13, with the receiving-side subsystem 12, it is the counter comparison 
signal COUNT. By using it. the amount of data of RAM26 in this FIFO memory 13 can be known. Therefore, the 
amount of data transfer of a DMA controller is set as maximum, for example, and the procedure of carrying out 
underflow processing of this RFO memory 13 becomes unnecessary after transfer termination. Moreover, when 
there is little amount of data of RFO memory 1 3. it becomes possible to collect into extent in which overflow of this 
RFO memory 13 does not occur later, and to carry out transfer processing to it. The problem of the ^11 of the 
performance by this repeating little transfer processing repeatedly stops occurring. • 

[0017] As mentioned above, at this 1st operation gestalt. it is the counter comparison signal COUNT. There is an 
advantage like following (a) - (c) by having prepared. 

(a) The transmitting-side subsystem 1 1 and the receiving-side subsystem 12 can know the actually required amount 
of data transfer. Therefore, the amount of data transfer of the DMA controller in the transmitting-side subsystem 
11 and the receiving-side subsystem 12 is set as maximum, for example, and the after treatment of amending based 
on the actual amount of transfers after transfer processing becomes unnecessary, (b) In the transmitting-side 
subsystem 11, when there are few amounts of openings of RFO memory 13, it becomes possible to control the 
amount of data which should be transmitted by data flow control. The problem of picking ♦*** of overflow of data or 
data stops therefore, occurring. 

(c) In the receiving-side subsystem 12, when there is little amount of data of RFO memory 13, it becomes possible 
to collect into extent in which overflow of this RFO memory 13 does not occur later, and to carry out transfer 
processing to it The problem of the fall of the performance by repeating little transfer processing repeatedly stops 
therefore, occurring. Therefore, like (a) - (c), it is reliable and the data transfer system in which data transfer with 
sufficient performance is possible can consist of simple processings. 

[0018] The 2nd operation gestalt drawing 3 is the block diagram of a RFO memory showing the 2nd operation 
gestalt of this invention, and the common sign is given to the element in drawing 1 which shows the 1st operation 
gestalt. and the common element This RFO memory is what is prepared in RFO memory 13 part in drawing 2 like 
the 1st operation gestalt Counter comparison signal COUNT outputted from a comparator 29 In order to enable it 
to read through the transmitting-side data bus 14 and the receiving-side data bus 15, While preparing buffer control 
circuit 23A and data buffer 28A from which it replaces with the buffer control circuit 23 and data buffer 28 of 
drawing 1 , and this and a configuration differ Counter comparison signal COUNT outputted from a comparator* 29 
The counter comparison signal line 30 for transmitting is connected to the input side of this data buffer 28A. Buffer 
control circuit 23A is the write-in control signal WRITE outputted from the transmitting-side subsystem 11. And the 
writing side counter read-out control signal INCONT, the read-out control signal READ outputted from the 
receiving-side subsystem 12. and the read-out side counter read-out control signal OUTCONT It is the circuit 
which answers and outputs address select signal AS and the buffer control signal BC. Data buffer 28A is a circuit 
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which answers the buffer control signal BC and connects the memory data bus 27 or the counter comparison signal 
line 30, and the transmitting-side data bus 14 or the receiving data bus 15. When transmitting data to the receiving- 
side subsystem 13 from the transmitting-side subsystem 11 using the HFO memory of thiis drawing 3 , the same 
actuation as the 1st operation gestalt is performed. 

[0019] When the transmitting-side subsystem 11 reads the counter comparison signal COUNT outputted from a 
comparator 29, the writing side counter read-out control signal INCONT is outputted from this transmitting-side 
subsystem 11. and it is given to buffer control circuit 23A. In buffer control circuit 23A. the buffer control signal BC 
is outputted to data buffer 28A. Since the counter comparison signal line 30 and the transmitting-side data bus 14 
are connected in data buffer 28A. it is the counter comparison signal COUNT from this transmitting-side data bus 
14. It can read. Counter comparison signal COUNT with which the receiving-side subsystem 12 was outputted from 
the comparator 29 When reading, it is this receiving-side subsystem 12 to the read-out side counter read-out 
control signal OUTCONT. It is given to buffer control circuit 23A. Data buffer 28A connects the counter comparison 
signal line 30 and the receiving-side data bus 15 with the buffer control signal BC by which buffer control circuit 
23A is outputted. Thereby, it is the counter comparison signal COUNT from the receiving-side data bus 15. It can 
read. As mentioned above, with this 2nd operation gestalt, it has the almost same advantage as the 1st operation 
gestalt. and also there are the following advantages. The transmitting-side subsystem 1 1 and the receiving-side 
subsystem 12 go via the transmrtting-side data bus 14 and the receiving-side data bus 15, and it is the counter 
comparison signal COUNT. Since it enabled it to read, compared with the 1st operation gestalt. there are few 
increments in a signal number and the compact data transfer structure of a system of them becomes possible. 
[0020] The 3rd operation gestalt this invention can be applied to the data transfer system to which two or more 
subsystems carry out data transfer by the FIFO memory, and shows this example of application to drawing 4 (a) and 
(b). Drawing 4 (a) and (b) are the block diagrams of the outline of a data transfer system which shows the 3rd 
operation gestalt of this invention, and the common sign is given to the element in drawing 2 which shows the 1st 
operation gestalt, and the common element One transmitting-side subsystem 11 is connected to the transmitting- 
side data bus 14 in the data transfer system of drawing 4 (a). Two or more RFC memories 13-1 - 13-n are 
connected to this transmitting-side data bus 14, and the receiving-side subsystem 12-1 - 12-n are further 
connected to each of these RFC memories 13-1 - 13-n through the receiving-side data bus 15-1 - 15-n, 
respectively. Each RFO memory 13-1 - 13-n have FIFO memory composition of drawing 1 or drawing 3 . In such a 
data transfer system, when transmitting data to receiving^side subsystem 12-n from the transmitting-side 
subsystem 11, the write-in control signal WRITE and transmit data are outputted from this transmitting-side 
subsystem 11. With this write-in control signal WRITE, RFC memory 13-n becomes a write mode, and writes in the 
transmit data sent from the transmitting-side data bus 14. The received data written in RFO memory 13-n are read 
from receiving-side data bus 15-n. and are sent to receiving-side subsystem 12-n. 

[0021] In the data transfer system of drawing 4 (b), two or more RFO memories 13-1 connected to two or more 
transmitting-side subsystems 11-1 - 11-n by the transmitting-side data bus 14-1 - 14-n. respectively - 13-n are 
connected to the receiving-side data bus 15. One receiving-side subsystem 12 is connected to the receiving-side 
data bus 15. When transmitting data to the receiving-side subsystem 12 from the transmitting-side subsystem 11-1 
in such a data transfer system, it is this transmitting-side system 11-1 to the write-in control signal WRITE. And 
transmit data is outputted and it is sent to RFO memory 13-1 through the transmitting-side data bus 14-1. Write-in 
control signal WRITE sent from the transmitting-side subsystem 11-1 in RFO memory 13-1 It becomes a write 
mode and the transmit data sent from the transmitting-side data bus 14-1 is written in. In the receiving-side 
subsystem 12. the read-out control signal READ is outputted and it sends to RFO memory 13-1. Then. RFO 
memory 13-1 becomes read-out mode, and the received data memorized by this RFO memory 13-1 are outputted 
to the receiving-side data bus 15, and are sent to the receiving-side subsystem 12. Also in a data transfer system 
as shown in this drawing 4 (a) and (b). there is the almost same advantage as the 1st and 2nd operation gestalten. 
[0022] Counter comparison signal COUNT outputted fi'om a comparator 29 in the RFO memory of the 4th operation 
gestalt drawing 1 or drawing 3 It consists of two or more bits, and has composition which minds all these bits by 
drawing 1 and drawing 2 . minds [ the transmitting-side subsystem 1 1 and / receiving-side / 12 ] the counter 
comparison signal line 30 by delivery and drawing 3 , and is sent to data buffer 28A. Under the present 
circumstances, counter comparison signal COUNT which consists of two or more bits outputted from a comparator 
29 A lower order bit is omitted inside and you may make it send a several bits high order to data buffer 28A of the 
transmitting-side subsystem 1 1 of drawing 2 and the receiving-side subsystem 12. or drawing 3 . Thus, counter 
comparison signal COUNT Since the near amount of data of a RFO memory is known even if it sends a several bits 
high order, the almost same advantage as the above-mentioned operation gestalt is acquired, and also the number 
of a signal line and simplification of circuitry can be attained by the abbreviation of the number of bits. 
[0023] In addition, this invention is not limited to the above-mentioned operation gestalt. but various deformation is 
possible for it. As this modification, there is the following, for example. 

(i) In the RFO memory of drawing 1 and drawing 3 . data buffers 28 and 28A may be constituted from other I/O 
means, or RAM26 may consist of other memory, such as a register. 

(ii) In drawing 4 (a) and (b), it is good also considering the receiving-side subsystem 12 as the main system of a 
receiving side in making the transmitting-side subsystem 1 1 into the main system of a transmitting side. Moreover, 
you may make it a data transfer system which performs data transfer between these equipments by connecting 
equipments, such as two or more subsystems, using a RFO memory with the configuration of those other than 
drawing 2 and drawing 4 (a), and (b). 
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[0024] 

[Effect of the Invention] Since it was made to output a counter comparison signal from the comparison means in a 
RFO memory according to invention of claims 1. 3. and 4 of this inventions as explained to the detail above, a 
configuration is comparatively easy, using the easy RFO memory of control, it is reliable and the data transfer 
system in which data transfer with sufficient performance is possible can consist of simple processings. Since it 
enabled it to read the counter comparison signal outputted from the comparison means in HOP memory through a 
transmitting-side data bus and a receiving-side data bus according to invention of claims 2. 3. and 4. the almost 
same effectiveness as invention of claims 1, 3. and 4 is. and also there are few increments in a signal number 
compared with them, and the compact data transfer structure of a system becomes possible. In invention of claim 3. 
when it is made a configuration which gives the several bits high order of the counter comparison signals to an I/O 
means, reduction of the number of signal lines and simplification of circuitry can be attained. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. *»w* shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

rOrawing 1] It is the block diagram of a RFO memory showing the 1st operation gestalt of this invention. 
rOrawing 2] It is the block diagram of the outline of the data transfer system using the RFO memory of drawing 1 
which shows the 1st operation gestalt of this invention. 

[Drawing 3] It is the block diagram of a RFO memory showing the 2nd operation gestalt of this invention. 

[Drawing 4] It is the block diagram of the outline of a data transfer system which shows the 3rd operation gestalt of 

this invention. 

[Drawing 5] It is the block diagram of the outline of the conventional data transfer system. 

[Description of Notations] 

11. 11-1 - 11-n Transmitting-side subsystem 

12- 1 - 12 and 12-n Receiving-side subsystem 

13- 1-13 and 13-n RFO memory 

14- 1 - 14 and 14-n Transmitting-side data bus 

15- 1 - 15 and 15-n Receiving-side data bus 

21 [ ] Write-in Counter 

22 [ ] Read-out Counter 

23 23A Buffer control circuit 

24 [ ] Address Selector 

25 [ ] Memory Address Bus 

26 RAM 

27 [ ] Memory Data Bus 

28 [ ] Data Buffer 

29 [ ] Comparator 



[Translation done.] 
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HtilE;^ ^ y 7^— ^/^:^--db;t)-r2) > ^ y i , 

AD r tSrlfcUSL. ADw = AD r 5r^-r^t^^*^ff 
ADw+l=ADr Sr^-TJi^^^^^ff 
(ADw-ADr) i:^-tiJ ^ it^m^^iiitl-n 

yo 

;^$Jx.5»j2>^T K^:^ADw*fc(itfllE^2<D* e^-v- 
^y4^bW;^$tlSKfctlLT Kl^;^AD r Wl^-fix;?!^— 
4r^*lbT/^y T K^:?iADSrlil;;0-t-5-lrw^ h#i& 

mifB»Ji^«iJfflJ«-§-»cjES:^ L-C. mFlB^ ^ y T K i'^ A 



(2) 

2 

HuiE^ ^ y T^-^^^^^-^ttij^-t-s ^ ^ y i: . 

w i: ttlfS^ 2 CD ;i7 1> b W;'^ $ 5 U T K 
AD r tSrJtlSEU, ADw = AD r Sr^-t-^*feti«^m 
SU!ADw+ 1 =AD r $:^-rffi:t^ffi«^fS-§-Sra 
;'3-r?>i:*«C, (ADw-AD r ) ^7n-f*e7^^^Jtt5f 
m^<SrHui2:!!7 Vi? Jt|!5m-§-^--ai;^-r5Jt|5E#ISi: 
Sr. <iSx:fc r t Sr#mi: i-5 F I F O y * y , 
[5t*3B3] if*:« l^yttt2tS*e©F I FO^^y 

ai;^#ia;'-4-^^1f^t-bfc^i:Sri|*«i:-r5F I FO 
[»*3a4l if*«l. 2^fcfi3©F I Fo^^y 
B^rfEjSf9fl!l7'-,;5'^^;^Sr:fM-.TWIEF I F O ;»t ^ y tcgf 
^icS<5v>T^F I FO^^y d5«4^«t?/it^r i:Sr5» 
20 ■g-Srffll/^TS^rSj^7^-^Sr1gF I FO^^y JdHoitP 
WfESfafiDx-^/^^^Sr^n-L-CHtilEF I FO;=<*yi;i« 
•g-^cK-:5v^-c^F I FO^*y;iS^^^ffi-e^^v^r tSrSt 
#•^^ffl^^TS:«7'-<5'Sr^F I F O ^ ^ y J: 9 igffli-S 

30 I 0 0 0 1 ] 

SSSrtT^fcJ^tCfi^ffl^ixSF I FO (First-In First 

-Out) ^^y, Rnz.i\^m^^tL'f—'f^^'y:^'rJ>^iz 

[0 0 0 2] 

40 7'v'^xA2 tro^^-e. F I FO;'^y asr^efflu-cx 

{C, -r^'^D:/n-fes/1^fc2»V''f4DMA (Direct Memor 

y Access) = V h a — ^ LT 5, N^f ^' d 7° n -fe j/ 

60 tej|^I7- K^^Sr^;eUTSii*SOfSgabSri-5 
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"f-f'yT^T-h^-l t F I FOpJ^y 3 tJis Wrn'mr—d' 

10 0 0 3] «±©«^^C4o^^T. F I FOp'^y 3 
•§-WRITE ^^fil!)1^:7'v'^7"i^2*^fe-^xb^^5^W 

F I Fo^^y 3*»^a;t)$tu5iswffi*^fs 
F I Fo^^y 3ic«5itfo SfS(a!if-7'v';^T-A2-e 

tt. F I FO^^y 3*»6>a3;^J$tt5^4^ffi*^«-§-H« 

PTY ?) -CfcS r. i SrPtig Ufc^. Sff {SIt^-^?/^;^ 
5 t^mb^JPft^READSr^ffl LTSm-r-^S'^tgF I 

Fo^^y 3 itJ^m-Tc j^miai-y-:^-^:^ 

[0 0 0 4] 

F I FOp«*y 3-^tt. RF I FOpt^y Zn^Wt^Tfi 

(a) ~ (c) ©J; 

( a ) 1 &TJ«Sft{l!li^:/->;^xi>. 

mPjCji^r^v-^xA 1 , 2rt(w|SCtfeixfcDMA3:/ 

(b) j^«l1^7'v';^xA 1 -Cf*. F I FO^^y 3 
'<#^-^'»Srft!)iW-r'5 (fiP*>. F I FOp«^y 3(0^ 

(c) Sm{B!)f-:7'->^xi>.2-C(i, FIFO;<^y3 

ji^feasrL-ct>v^v^) ^vm-^ifi^\ "tmz.^. fi 

FO;<^y 3CDX — i5'»*5/>;^j:l,v^, r<0-:>^it>x— 



-r-5fc*. fiaj^fi, ^5Hip3- 1 8 0 9 5 3-i-<ii:S, # 
Bas|£6-4 4 3 7-§-^#fffC*5V^T. 7^— ^J'lr^^fflW 

fs^y^-^WX^f^Y I FO;^*y *ffiV^fc:7^— ^teie^fi^ 

-C% ftiJfflJcD^^/iF I FO^^y ;iS^ie5l5/i*^ofc(Dr% 
[0 0 0 5] 

*^?qcD5^«W*Jll»^BJ-eH. F I FO>^ 

—:trSr^SibTp<^y TKW^^ ADSra;^3-f-5-feU^ h 

Sligci"5AaiA#©t> RAM (Random Access Memor 
y) i^(0?^^Vt. itm^^t^m^X\^^^. HUlB^^ 

30 ^;^AD-C'Jg;£$H5fait^^t-H>rlE^^yT'-<?/<;^ 

ixSSii^T KW';:^ADwi:MfEll2©:*i?>';?*>e>m 
;^$tb5ttaibT K^:^AD r t 5rlt|!5L. ADw = A 
D r Sr^-r^t^^**ff-§-. ADw+l=ADr Sr^i" 
RtP (ADw-ADr) Sr^-t-;*!>>' 

40 [0 0 0 6] if*Jj2CD^BJ-C(4. F I FO^*ytC*5 
V^T. 1 i: 1 . ^2ro*!>>'^. ±1^^ 

Atti;^#&. Rx^itm^mt^m^x\^^^. Btsmmm^ 

rmmim^i^fS'^y^x. ^^y7='-^?^^;^*fc«*'>> 
so tSr^K^-r St COX'S)?), SfrlEitgi#S 
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u-x^AD r i:?rJt|!?Lx ADw = AD r Sr^-Tig^^i^* 
^fa-i-, 2iO'ADw+ 1 =AD r iSr^iii4ft^*^^-§- 
SrW;^i-5i:*»C, (ADw-ADr) Sr^'T^'^V^' 

[0 0 0 71 it*:«3«>^Wfi, |f*«i*fc«:2<DF 
2*yt»i3C»F I FO;^^y j^m^S!l1^:/v-;^7^i^ 

F o ^ ^ y \^mm $ ^^^ *tnE«4^is«^ft-g-* fittriE 

;&!J'>'^ifc|;^m•§•^-S':5v^TKF I FO^^y ;05rS;tt«g 
E»jZ.^ftiJWfi^Srfflv^-CmjfSiilimx-^SrKF I FO 
BtlES:ff{a!j-r-i5'-'^;^Sr^LTm)!EF I FO 
>'^it|!^^t-i-}cS':3^,^T^F I F ^ y ;eiS^^^-C?i 
|±iL^J®fS^Srfflv^-CS^t^-^5Sr^F I FO;><*y J: 
[0 0 0 81 l»5}t3Sl<0^egi-lJ;ixtf, eJl±0D±5t-F 

:^m^^ 1 -Cthft^tvc^^ 1 <^:* 

t±lLTKl/^d5fS«f^n5, ^l^^TJ^m2cD*^'V^5'{C 

2<D:^^y^t)>hmt}^iV^Uiiil.T K^;^AD r ©t> 
■r^^*»-*Sr®*^U•C>*yTK^;^ADSrffl;^L,. 

wtiSttiLT Ku;^AD r ^W:$5L. ^^fi8*/T:fS-§-. 

i:. p'^yx-tt. -feWi^ h#i9;i{i^^-^x.btv5^^yT 
Ku;^AD-eJi^$ix2)IE1iffi«lc, j^ffi!)'r-^/<;=^ 
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S^^nSo >^yx{i. ^*y T K^^ADx?g;t$ 

[0 00 91 Bt*«2CD^e^05F I FO;!'*y-ef*, If 

mRxfAmti^^^^ i-x^mmT'-'^^<y^'--m:t3^ti 

m^m»^mw^tn-i:^^'^'^ttmiBmcm'^^^xmF 
I Fo?i^vAm^mxti:\^^zt^mmvtcm<:c. 
mv'-'S'^<^&xfw^^umm^^m\'^xms^s'^ 

F I FO^^y l::*iitfo ^mm^^-z/'^y^y'i'.xa. F 
I FOp<^yd>fea;'j$H5^««i*^ft^*fcf4*'> 

V;5'ifc|g{g-§-{cS<5v^TKF I FO^^y;45^^^X'i 

WfS-g-Srfflt^TSmT^-^Sr^F I F * y J: 9 SEttJ 

i-o 

30 [ 0 O 1 O 1 

[ISe«Wlllifi©Ji^«81 

|2!2(±. 0|l:teJ^^=Sr^i-r— ^S'teiHv^:^ 

j3^mffi!)-y->^v';^xAi iSt/SfB{|iJ-y-:/v-;^7^A 1 2) 
rax, F I FOp<^y 1 3 Srffll^X-r-^OSftSUSr 

40 *Jia5SrfT5fcft<^DMA3>- ho — 7fc5l'^(4-7'<^o 
7'^-trs/■y-^;65|g(t?5^^XV^5o i^m<ftJ-y-7'->;^7^i^ 1 

*ilfiiS:*L. 2l«fia7^-iJ'><^l 4lcJ;oXF I FOp< 

^y 1 3lcg!igg$tvxv^5o gifSiBiJ-y-:/^^;^^^^ 1 2 

Kalu^|J^»^t^READ^srm;^-r5^:*^;IS«x-^?^: 

A;^i--5«ieSrWL. Sfffiyy"-^/^^ 1 SioXF I 
FOpt^y 1 3 i:Sig!$ixXV^5o FIFO;><*yi3 

(4, *ii;^*ij^«-§-wRiTE Rxj^mta vummmmiXM 

so I/;!; ^>-^'itg5fB*COUNT=Srm;^-r5ateSr^UXl/'» 



4#P 7 10-222441 



(5) 

7 

5. 

[ 0 0 1 1 1 ig 1 (i. *^BJ<^^ 1 <r>MMMWiX'h^m 

2^<r)F I FO>*y 1 3 W^^mt-feSo I F 

ITE <D/>Vu>^^SrH-» K^;=^ 
i^i?) 2 1 /^/l';^m-§-/4^?)'fe5KmL.«'Ji»fS-§-READ 

AS^t;5/<s'7TSiJt9f§-§-BCSrffl;:^ji-5SiJ«i#S 

* i?:^^? 2 1 *3i^*J^3¥^f -^WRITE ^Atl-f-?>^^ 
:y^^^CLK, U -fe s/ h{t-§-RESET SrA;^-t-5 y -fe s/ 

;f;ffl^^OUTSr*LTl/^5, Kdb L;^ ■^^'^ 2 2 K 
m L$!)Wm-^READS:A;^i-5^ n .y ^?i^^^C LK. y 
•y hit PRESET ^Kt^-t^ V ± -y h^^R S T. &Xfm 
abTKl^;^AD r ?Sra;^J-r5ffl;^SS^OUTSrWL.T 20 

;t7'?><5' 2 2<Dm;^ffi^-OUT(;iH, -feW-^' h#S 

^{C;>«^yTKW';^>'<:^2 SSri^M.T;?'*!; m^f£. 
RAM) 2 6<DT KU>^A;^*ST-A;S5g^$tl.l^^o 
[0012] T K Ui^^ZA tt. yrU^M 

^2 3*>e3m;^$tu5T h'u:^±\^i' hm%As\cm^ 

ADw^fcttlStlib:*!?^^ 2 2 ;6>e>ttl;^$ti.5^m b 

^>^ADSr;^*y T KW':^''^;^ 2 5Sr^b-CRAM2 6 
'^ffi;^ji-5igi^Tfc5o RAM26H, ^^VTh'u:^ 

ITE SrA;^-r5»ji,^S<J^*ffi^W, iStil L$^J^Wm-§•READ 
SrA;^i-5SlEmbftiJIBiffi^.R. ^U^j^^-^wA;^^ 

#5i^ffi!lfflIff-i-WRITE fc^xfc:^fC(i#iX;£».^ 
-Kt-^it), ^*yTK^>^AD-eJg3£$tu5IEliti« 
tc, ■r-^Aai;^j«^D{c«igg$tvfcp«^y7'-^^^^ 

^ bix/c^fcjiigm b^- Kl;i^i "9 X ^ ^ y T K A 
Dt?^gS$i^5fatilH««Z)^S4%x-^S:. 7=^-^J'Affi;^ 
SS^DS'^UT;>«*y^-i?>'<;^2 7'>m;^J-t-5#teSr 
#b-CV^5„ RAM2 GcDt'— ^Am;'3sSST-Dt:iti. 
•=eyT'-i5'/<:^ 2 7 Sr:ft-LTAm;'J#^ "f- 
^y<y7r) 2 8i)^mf^^tiX\i^^o v'—'$'^<yyr 2 
8tt. /<s/7Tffli8?lllK2 3^»fJtH;^;$i^5/^s'7rfty 

t'-<5'^<;^ 1 4 ^tm^mmy'-^^^^ 1 5 t Sr^iggi- 
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1 0.0 1 31 Wih^U'^^"^ 2 lOtii;^Iffi^^ouT^S:t^ 
Sgmu*'^^^ 2 2 0|ll;/3i^^OUTtcti, ItlSE^g; 

ADwi^tbb^^Vi? 2 21)^hmti^fl^Wim\^T K 
u;=?.AD r i:SrJt$!5U. »iZ>^T K^';^ADwi:ffigaib 
T K U-:^ AD r UV^ (ADw=ADr) C i: Sr^i" 
S^^S^m-f-EMPTY Sii^r Ku;^ADw;iSSgtb 
LT Kl^:^AD r J; + 1 (ADw+l=AD 
r ) r i: Sr^-r«^^*^m -i-FULLi , »3A^T K W-;^ 
ADwt^WLT KW^^AD r©M^> (ADw-AD 

r) ■^m-i-i3^>'^im.m%cxsm Sra;^i-5lilli»t?fe 
5, J±;|i^:§g2 9 A^p5m;^$^^5;^7!>>-^5'Jtt55^t■§<;0UNT 
^i:. F I FO^^y 1 3*®x— (7^— iJ'a*). <Sr 

(0 0 14] EA±©«^tC43V^T. 132 ©PI 

FO/^y 1 3 =lrfflv^Tiil'ft(l!|-y-^'>;:^7=-A 1 l^i^bS: 
mffliJ1^:?''V;5^xA 1 2--x-i5'§rteiii-5m^®«jf^Sr 

RESET \Zi:^X¥ I FO;<*y 1 3 ^<D^iL7f.tl >■ 9 , 

2 1 so^mw 2 2 ■bmmi\:^fy>^. wm^t^ 

T^x j2&«ffl!|-y-:/v/^7"-'^ 1 1 fiv FIFO^*yi3 
H:ii^>'^iiMtm^<xmT Sr#R8b, I FOl 31*3 

mmm^muE Rxfrnm^—'S'^F iFo;<^yi3^ 

m;^J-t-5o F I FO;^*y 1 3l*3-CJ4,.S5i;£^SlJ^fB-§- 
WRITE CO/^/W^^fgcSrSii^* 5^ 2 1 fj' h L, 

»jZi^ Ki^^ADwSrT Kw-:^-t i^^ 2 4-^ai;^i- 
5„ T KW-;^-lr^^;? 2 4»±. /^s/7r*yWlelK2 3?J» 

TK^;=^ADw{|!ltc:W#t>o-ciot). ^»i2;^TKu-;^ 
ADwSr5l*^bT;j<^y T Kv;^ AD<0?i^T'R AM2 6 
'^jjfeSo RAM2 6li, #j2>^$iJWf#-WRITE tvUzoT 

ffi;^)$n?.^<s/7TSiJWft-S-BC(;:J;t). 
r 2 8;J5iEim{Wx— 1 4 tpt^y 7^-^^^;^ 2 7 
irSrSJ^i-S. j^«ffl!|-y-7^v':^-r A 1 lA^bj^b^Tt 
fcilKtllllx-;?^^:^ 1 4±©)^m7'-^'tt. f-d'^'^y 
7r 2 SS^I/y^yf^— <5'-'<:^2 7 5r:(r-LTRAM2 6 
{CA;'3^tv.5„ RAM2 6ti. :f-^^)T Y\^y^ADX^ 
!£$tufclE1S^«(c. A:^$Jxfcj^{fx-<?S:iEllft-r 

^fcilftT'-^dSF I Fo^^y 1 3JC*a.Stv5o 
[0 0 15] rw^, ill^t^l!Jf■:^v';^xi^ 1 1 T'ti. F 
I FO;?<^y 1 3d='btil;^;$ttS:*e7>'i?Jt|!jm^C0UN 
T Sr«6ffl-r-5r 1KF I FOp'^y 1 3<D^t 

1 l75^bteil^-r'<#-f'-i5'l:>*5F I FO;^^y 1 3<0S 
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FOp<^y 1 3CD^#»tC^)tb-C*J< :Lt-Q. I 
FO^^y 1 3(D>*— ^<7D— r.4x 

tcjttUs F I Fo^^y 1 afDzg^ads-^/^v^ii^i- 

So SmiBIl^:/^;^?^^! 2Tfi. F I FO^^ 

PTYlfefctt*'?>'^?ibt5ff^COUNTSr#R8L. ^F I FO lo 
;>«^y 1 3l*3CORAM2 6 t Sr?!^ L 
Si5mU»Jti*«*READSrmijL,T^F I FO^^y 

1 3tc4-x.5o F I F07«^y 1 3T*«. KtbLfflWfS 

tv. ^KaL;^7^'Vi? 2 2*»e)KmLT Kl^^^AD r !iS 

[0 0 16] T Kl-';^-feU:}'^ 2 4tt. T Kl/;^-fe:U^ 
hft^A S J; o -Cfga bftlJfflIfS-§-READ{M(;i^^i5o T 
t^-5<or% ^SEmUSy^ff-f-READSr^^y T KU';^AD 
(Ofl^X-RAM2 6fC-%^^5. RAM2 6ti. ^ffiLffil^W 
ft-i-READdic-CSSmL^- Kl-JiSo 'f—^'>^yyr 

2 8(4. /^s'7rfttJ^[s]^2 3;6^f>tii;^$n?)^<3'7T 
ftiJI?ft-^BC{c<t(3. ;^^yx-iJ'/<;^2 7 i:Sft{l!)x 

1 5 tSr«i^i-5. y T K^;^ADT*Jg;t 

$nfcRAM2 6 F*3<DfEtifS^®IS1i-7'-<?yi5^m$ 

tv. :iti-d5g:fg7^-^(Ofl^T-^^y7='-<?^<;^2 72ao5 
t'— /?/^5/7r 2 8 ^:^^LTS{til!lT'— l 5^SE 
m^tbS, F I FO;'^y 1 3 ± ►JSfsT^— t^Sr^tai- 

COUNT 5r^ffl-r-5ri twit), KF I FO;^*y 1 31*3 3o 
®RAM2 6(07^-^J'S:Sr*P5wt;JSm5l55o -tOfc 

fi»|x.rfDMA3i^ ha— 7<0x— ^te2l»SrS::*:fit 
(^:^!£L■C*5V^-T:> ^ji*^T^. ^F I FOp'^y 1 3 
(D T >- ^ 7 u — Sr-r 5 i: V ^ o /t^lliiis^^ tc >i 5 o 
F I FO;^*y 1 3<?5x— ^»*S':J'^fe^''#^^- 
^±. ^F I FOp«^y 1 3W;*-— x'^^n— ;eiSe^/<ei/^@ 

(0 0 1 7] tiJi(Dj:5JC, rcO^lcDHJSJF^filT'll. 40 

(a) ~ (c) wJ;5''^fii-^;d5fcSo 

( a ) ^^mffiilf-:/^:^^ A 1 1 &05Sft{l!lf-:;^->>^7^ 

$ft(|i|f-:^v';^7^A 1 2(*3<ODMA='VHci — 

?)o (b) il^«{a)-y->^v';^v'Al IT-H. F I FO;'' 

^y 1 3©s#ai65/>/i(,N# so 



(c) SfS{Mf-7'i^;^7^i» 1 2-rtt, F I FO^^y 
1 3<D7^— ^J'i^iS/i^/iVN)^^ ^F I FO^^y 1 3© 

(Bi^ t>iNfe3g-t- r i: i 5 7 * — ^ v;:^ coteT i: V ^ o fc 

Pn^jS*5^^b7te</i2>„ i¥oT. (a) ~ (c) wJ;5 

[00 18] m 2 (ommMm 
0 3 {4. :^^pR(om 2 (ommmm^ ^-f-F i FO;j'^y 

*a<05*tc:f4*ii©^-§-d5f^$nTVN5. r<OF I F 

07«^y(4. :mo|^:teJF0ffii:ID«{::E!2 4'CDF I FO 

;^^y 1 3^^\znnhin^h<^-^h'o . it^S2 
hiiitl&ti^:iJ^ JtlSff ^COUNT SriSimyx-^ 
:^ 1 ARXf^mm'f—^^^:^ 1 5 Sr^UTiem*5 J: 5 
}C-f-2)fcJ6. |211<0/^-y7r*lJfflllH]K2 3!S.TJ5^-<?/^ 
■y^T 2 8{cf-t;t-C. :iintm^(Dm^£^''<-y7rUm 
Ih]^2 3 A^O't^'— i5'^<s/7r 2 8 ASriS»t5i:*{-. 

T 2 8 A©A;^{B!ll-^^ii^LTl/^5)o y<'y7rMmm^2 

coNTt, ^mm^y'^:^'rJ>^i 2/i-fem;^»$tt?>^mL 
$y^wft -BREADS, o'^ta L{B!i:* ^ ^'^mm vumis^mc 

ONT ttCJS^UT. T KU';^-feV'i5' hff-^AS^fcV/^s' 

t2 8A{4. y<-yyrPimm^BC\:ilt^^\^X. ^^y 
7=^-i?/<5;:^2 7*fctt*5'^^^'Jtg?m-§-i^3 0 j^ft 
ffig-T*— 1 4*fcr±^mT— ^''^^ 1 5 t ^I^U-t 
5[H]SS-eib5. r<?5|113(OF I FO^^y Srffi^^Tiil^^t 
{a)f-7'v':^7'A 1 1 ;!i^feS{t{l!J-!^7'V;^xA 1 S^-x — 

[0 0 19] mmm-^rfiyy^y'J^ 1 iJJJJtgs^ 2 9 A^b 

¥^hiv^o /<s'7rft!lW!H]K2 3 A-C'tt. ^<s/7tM 
^m-i-BC^T^'-i^/^-y^r 2 8 A--a;'3-t-5„ T^-i? 

/^y^r 2 8 A-e(4. ^^>'-?itmm-^m3 0 tmmm 
7'--ff>'<^ i4t ^w^-r^<o-r^. mmmm'f-'f^<:^ 

•So Sm^ftJ-y-T'v'^^T^A 1 2;i51t^§g2 9:^^hmtl^fh 
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OUTCONT ;65/<-/C7rft'JWlHlK2 3 AlC^x.?5*x5o ^"^-y 
(CJ:9. x^-^^-^s/z^r 2 8 A;65;«7!>>'^it®5iS-8-iia3 
SfSfflOx-^^^^ 1 5 J: «9 ;^ e7>'^ltg!fS-^0UNT 5r»g 

a^sffftyi^^->^xA 1 2 1 1 tc, i^ft^iOT^-^/^x 1 

#couNT SrSSm-frSct 5t-LfccoT% 

f Q Q 2 Qi mscpmMMm 

"C^. r.OMfflM^El4 (a) . (b) tvl^-To 134 

(a) . (b) :^^m<om3<DmmMm^^^'f- 

nx\^^o B14 (a) cot^— ^teiSv';^7=-iN-ett. HB 

(ommm'^^y^y^^'rJ^. 1 1 ^^sa^m^iuy^-^^^:^ i 4icg^ 

(OF I FO;^^y 1 3- l^-l 3-n;65K^$tb. 
\z:itlib(D^F IFO^^y 13-l'-'l 3-n(C, S 
ftfflUx-^/^;^ 15-l'-'15-nSr:fh LT^ff {la1^>^ 
-yy^'rJ>^ 1 2 - l^-l 2 -n^5-?:^^^^^S)^^^^TV^ 
So ^F I FO;^^y 1 3- 1-1 3-nfi:. laiSfci 
ttia3(DF I FO;^^yi»^i:;^CoTi^So ::oJ:5^i: 

T'Al l;ei^e>Sff{Ba-!^:^v';^7"i=^l 2-n--'7^— <5^Srte 

^■rs^. Ki^«{iyi^:/i/:^7^i^i it^hm^hwm 

m-g-WRITEtCioTF I FO;^^y 1 3 - n ;d5»5i;?^^ 
-Kt;i3i!9. iJ^ffffly-r— 1 4;6>biSe>^^T< SiS 
^f—^^^^ht^o F I FO^^y 1 3 -nlc:»3Z^^tL 

[002111214 (b) (Df^— ^^tei^v^;^7^i^T*tt. « 
|gcfi<Oa^{tffiyi^>^V>^T- A 1 l-l^-l l-ntC, ^fl 
^^fh^mmf-^^^:^ 14-1-1 4-n(Ci:oT^^ 
$tb:/t«^{BOF IFO^^yi3-l — 13-n*^ 

1 5 1 f@oS:m{l!Ji^^Vy^7"i^ 1 2 ^i^g^^^ 

i5^«{a!li^:/v';^7"i^l 1 - 1 ;5i^e>S:ftfill1^:/v'^ 
^Al 2--T^->5^Srfej^-rs^. mmimm>':^T-J>^l 
1 - 1 ;6^e>»>Zi^$ilW{g-^WRiTE RXimmy'-<^t)^m:h 

i^ffilOx-^/^;^ 14-1 5r^LTF I F07«^ 
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y 1 3- l--5^?5H2)o F I F07«^y 1 3- 1 T-fi. 

11-1 ^>hmhtix^tim^ji^^M 

>5^y<>^ 14-1 *>baifettTt^fci^y^-^^*iitPo 
Sfafi!l1^:/v';^7^i^l 2T*fi. SgmuMWs-g-READ^ra 
;^;LTFIFOp^^yi 3 - 1 --is^So "TS i: . F I F 
OT^^y 1 3-l;ei5ggaau^--Kl;i^j:?). ISF I FOt^ 
^y 1 3 - 1 {^SElji$tbfcS:f§'r-^;2)5smfiiJ7^-^^^ 

10 So :icoE14 (a) , (b) (DXot^T—^^^\y:^^ 

[0 0 2 2] m4(7^llffiff^^ 
01 ifcfi(g3(OF I FOp^^y ^c::}oV^-C. itt!^^2 9 

^f^IlJ1^:/i/;^7^i^l i^i;^S:«ftiJi^:/v'^7^.^i 2tci^ 

2 8 A^illslt^t-^^oTi^So itgi 
20 §12 9/&:^6>m;^^ttS«l^tf 5^ h;5-b?fc5;?;'?v>5'JttJ 

ft^CGUNT CO 5"^. T{4^fc^^:y bSr^^»&b. ±i<Lm^^^y 
v'>^7"A12, fc5lMiia3<D7^— ^-/^s/:7r 2 8 A-- 
COUNT (0±&^h^> hff^tSras^S ct 5{^L.Tt>. FIF 

mKi:^xm^m<Dim.'^^^m^(o^mttmfh^o 

[0 0 2 3] f^^. ±IS^»^«(-PS^$tb 

• ( i ) El 1 RXim 3C0FIFO^^y icjol ^-C. 

«9. RAM2 6S:Wv^;^^^0{t!l(0^^y-e1»^LXt 

(ii) [24 (a) . (b) \z^\^^x. '&mm^'fiyy^ 

yv':^xAl 2^^\tmo:>;^^ i^^yysv-J>^t bXtct 
V^o 02^iU^ia4 (a) , (b) £A^cO«^T% 

[0 0 2 4] 

-ibcOW^Jjl. 3JiU^4(0^eq(Cj:tl.(i. FIFO;^-^ 

bfc<oT% m^ib^itmff^mmx\ mm<^^M^j:F i fo 

^^ysrffli.\ ^mmmx\ mmm^mi<. ^<y:t- 

so «^-rSr t;65-e^So i«*^2. 3^it;5 4<O^IBtCj: 
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-^^^5<t5Ji«^l-bfc4&^. ff^jjSicoHiMi:. IhI 
[0 2] ^mm(Dmi(^^W^^M^^'tmi(0¥ I FO 

10 3] imm(om2(oMmmm^m't¥ i Fo^-^y 

1134] *^P^(D||3<D|II£jf^^S:*-r'r--^5'tei5^v';^ 
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So 



.1 1. 

1 2, 
1 3, 
1 4, 

1 5, 

2 1 
2 2 
2 3. 
2 4 
2 5 
2 6 
2 7 
2 8 
2 9 



1 l-l^-l 1-n 
1 2-l'-l 2-n 
13-l'-'13-n 
1 4 — I'-l 4-n 
1 5 — I'-'l 5-n 



2 3 A 



F I Fbp<^y 

RAM 



[mi] 



VWRITE 



HEAD 



RESET 




21 : Sfiii^^'P 
22: SiaibSbO 



24: r Kb-^^-frUi^i^ 
26: RAM 



28:x-^/«^7r 
29 : ifclftS 



1 oS^iBE^tt^O FIFO > "6 U 
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(9) 



[1^121 



[1^5] 



DATA 
COUir WRITE 



r11 



14 



wniE 



E 
F 

M our 
w c 

R 



.13 







15 







12 



EMPTY 
RU 

f3ATA 

COUNT REM) 



READ 



1 








EMPTY 




FULL 






DATA 




WHTTE 



EMPTY 



FUJ. 



4 

VMRTTE 



11 : affi{B^:/>:^^A 

13: RFO^ta 
15:5Efiffll5^-5^'<X 



n OUT 
w 



BIPTY 
FUL 

DATA ^ 



fCAD 



HEM) 



2aA 



WRITE 




14 



ADir^ADr 
ADw+l^'AtJtr 
ADw-ADr-Vl 



-EMFTV 
-FULL 



30: «r:iV»ii3ttfln« 



2 FIFO jc ■! 



(10) 



H14-l~14-fl : SSMt^-^Ax 
15Ll5-1~15-n : SStt«9'-»/<x 



14] 



11 




13-1 


12-1 • 










ts-i 










Ff=0 



















(o> 



12-n 





15-n 




FIFO 













11-1 



14-1 



13-1 



FIFO 




.15 



12 



